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CALIFORNIA DIVISION OF HIGHWAXYS
BRIDGE DEPARTMENT COMPUTER SERVICE

TUNNEL ARCH AMALYSIS

INSTRUCTIONS FOR USERS

This service will calculate stresses in a symmetrical,
reinforced concrete arch section subjected to a series of pressure
loadings. Supports may be either fully fixed or fully pinned.
Analysis follows the precedure outlined in the "Portland Cement
Association Publication STS53."

DATA PREPARATION ({(on Forms H-BD D 74, 75 and 7a)

Identification: District, Group, Batch and accounting data are
standard. See General Instructions for Users, Memo to Designers
20-1. A Problem number may be added if useful. Identification
must be identical on all sheets for a given problem.

Loadings:

C. G. REINF. TO
| SRt | eoce conc. (gim)

FIN | WT. 1iNTRA

1| { - L2l ]:I

| s =
515135

1. FIX or PIN - Support Fixity. Write in
appropriate word.

2. ARCH UNIT WT. - Unit weight of arch material
(1b/cu.ft.). It will be neglected if left
blank.

3., C. G. REINF. TO EDGE CONC. - Distance from
face (intrades or extrados) to C. G. of
reinforcement for that face (in.).

(Formerly Memo to Designers
20-26)
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4. LOAD NOS. must be consecutive starting with one.
Input sheets are prenumbered for convenience. A
maximum of 15 loadings may be submitted with any
one problem,

5. LOADING PRESSURES; numbered
1 through 6, correspond to
the Loading Pressure Key. 213|4]5
All pressures are assumed to
act toward the arch section.
A loading of all zero pressures 1 &
[entered as zeros, not left
blank) wvields an analysis of ' '
dead loads. Pressures are in LOADING PRESSURE KEY
kips/sqg.ft.

0.0

Coordinates:
g X Y
B tany | |

1. . 000 .. 000|

2 [}
Y

3

TS e COORDINATES

k=

i

1. POINT NOS. must be consecutive starting with
one at the crown. Input sheets are pre-
numbered for convenience. A maximum of 51
points may be submitted. The points described
form segmental limits for the left half-section.
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2. X coordinates are in feet. Point one must
be zero. Describe only the left half of
section. All coordinates must be positive
from the crown.

3. Y coordinates are in feet. Point one must
be zero. Describe only the left half of
section. All coordinates must be positive
downward from the crown.

Arch Description:

RESULTS

follows:

SEGMENT  [REINF. (.01 sq. i)
!Emff THICKNESS
Jo.| n) y‘r&mgnmg
II L 1 = 1 L s 1 I |
12 I 1 s | L |
|-3 1 g4 = 1 L= _1 Lz 1 |
J."' 1 § 1 = } P | T |

l. SEG. MOS. must be consecutive from the crown,
starting with segment one. Input sheets are
pre-numbered for convenience. A maximum of
50 segments may be submitted.

2. SEGMENT THICENESS is in feet, measured normal
to the axis at C. G. of each segment.

3. REINF., given separately for each segment, is
in sg. in./ft. at each fact (intrados and
extrados]).

Results consist of four types of printed pages as

1. ARCH DIMENSIONS include coordinates, thicknesses
and reinforcement describing the arch section.
Coordinates are referenced to the computed neutral

point.
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1A ARCH PROPERTIES includes for each segment the following
—  walues:

N = Segment number
A = Segment length/(segment thickness)>

AY = (A) {distance from neutral point to segment center)

The following totals are alsoc provided:
suMaY? = AY2
suMAX® =  AX?
SUMA = A
YBAR = Ypp = AlY,) (¥n) = distance from

original axis to
segment center in

y direction

L

D B
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2. ARCH FORCES AND STEESSES are shown on one page
for each load described. Contents are the forces

and stresses in each segment. End condition is
also given on this sheet.

Concrete sections are considered cracked when-
ever P/A - MC/I of transformed areas is negative.

Maximum reinforcement stresses are either:
{a) 10 times the straight line concrete
stress at the level of the tensile
reinforcement; or,

(b) 19 times concrete stress at the level
of the compression reinforcement.

The signs of all stresses are: Minus = compression
Plus = tension

Minus thrust indicates compression and minus
moment indicates the extrados is in tension.
A tensile or positive thrust will yield zero
concrete stress and reinforcement stress of

959999 .9.

Input loadings 1 through & are shown to permit a
check on input used.

2A OPTIONWAL RESULTS includes for each segment the
following values:

Cantilever Moments (left & right)

Horizontal and Vertical Forces (left & right)
The following totals are also printed:

MO = Neutral Point MHoment

HO = Neutral Point Horizontal Forces

VO = Heutral Point Vertical Fnrets

SMA = (Cantilever segment moment) (A)

SMAY = (Cantilever segment moment) (A) (Y)
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MISCELLANEQUS COMMENTS AND HINTS

The coordinate description of points along arline establishes
the ends of the segments used for analysis.

Greater accuracy 1s obtained by use of a large number of
segments.

Geometric limitations prohibit the use of more than 2 successive
points with identical Y coordinates. This case can be approxi-
mated, however, by varying the Y coordinate by .01 ft. from
point to point,

The designer should make a careful check of output coordinates
to be assured the program has analyzed the desired section.

SAMPLE PROBLEM

On the following pages is an example problem showing data and
results.
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EXAMPLE PROBLEM - CCMPOSITE OF 2 PAGE

B

IDEKT

]

S5
15.C 1515
5/C 1513

March 1972

INPUT

TUNNEL ARCH
ANALYSIS

LOADINGS

E JﬂE J-‘JHES

pHong 3333

FORTRAN IV
LOADINGS PAGE
C. G. REINF. T0
X | ARCH 1 epge conc. (atin)
PIN | WT. |INTRADOSEEXTRADOS
ELxjise |_2,5.0_2.50]
BT =] J
S/C 1515
|,_.:,.IIJ LOADING PRESSURES (.01 K/sg. FL)
™)
T e e T T T
kL I3 B zs by 6-ﬂ
Al =zoel | el 100 1ol o0
|E'|-| A 1 1 1 T | I | | PR

AXIS COORDIMATES P‘AEE;}

= X .

=

LE [, ) | ocan)

A, , 000 ., 000
el . I391 . LIS
3], 66,7 . 265
A, e85/, L 535
S Li2el L BSE
6, Jes)l 1173
dl, 1.S00 , 14986
B, 1320 . 1Eo8

ARCH DESCRIPTION PﬁGE?

L= 1

so] TECUENT EHIFI[I‘.FI.nin"I'li
(Yo} (ain)  urmaoosexraned
J 0épl 060
2 .._.u:r v “-*T_

3] ..z_a.z_‘% sl

Al o260 L, 1, {,

S TR J\;.

o izaal el

T, S22 'hfu_
=1
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EXAMPLE PROBLEM

INITIAL
{0, 0)

Symmatricol |

THICKNE SSES €

2.05
2.16
2.37
2,60
2.81
2.95
3.21

= @ B R =

_REINFORCEMENT
0.60 sq. in./M./foce

LOADING

Apply, 10 ksf Vertical
2 ksf Horizontal

(13.20,118.08)
AONRRORURERNTENRNN AN

=B
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